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FIG. 8B
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1
3D DISPLAY SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priorities to and the benefit of
Korean Patent Applications No. 2011-0122785 filed on Nov.

23,2011 and 2012-0009553 filed on Jan. 31, 2012 the disclo-
sure¢ of which 1s incorporated herein by reference in its
entirety.

BACKGROUND

1. Field of the Invention

The present invention relates to a three-dimensional (3D)
display system, and more particularly, to a 3D display system
that synthesizes a 3D 1image and position mnformation data of
an observer obtained through a camera with an optimal view-
ing arca image with respect to horizontal and vertical direc-
tions of a display panel 1n a 3D space, and displays the
synthesized 1image on the display panel to let the observer
visually know an optimal viewing area, thereby enabling the
at least one observer to visually check the optimal viewing
area with ease and inducing the observer to move to a position
in the optimal viewing area.

2. Discussion of Related Art

In general, a stereo 1mage representing three dimensions 1s
obtained according to the principle of stereo vision. Here,
parallax between two eyes, that 1s, binocular disparity caused
by a distance of about 65 mm between two eyes, 1s the most
crucial factor to experiencing stereoscopy.

Specifically, the left and rnight eyes see different 2D images,
which are delivered to the brain through the retinas. Then, the
brain fuses the 2D images together, thereby reproducing
depth and actuality of the original 3D 1image.

Technology that has been hitherto disclosed to display 3D
images includes stereo 1mage display methods with special
glasses, stereo 1mage display methods without glasses, and
holographic display methods.

Among these methods, the stereo 1mage display methods
with special glasses may be classified into a polarized-glass
method that utilizes a vibration direction or rotation direction
of polarized light, a shutter glass method in which left and
right images are alternately displayed, and a Pulirich method
in which types of light having different brightness are deliv-
ered to each of the left and right eyes.

Also, the stereo image display methods without glasses
may be classified into a parallax method that enables separate
observation of respective 1mages corresponding to the left
and right eyes through apertures having a vertical lattice
shape 1n front of the 1mages, a lenticular method that utilizes
a lenticular plate on which semicylindrical lenses are
arranged, and an integral photography method that utilizes a
fly’s eye lens sheet.

The holographic display methods may yield 3D images
having all factors of a stereoscopic feeling such as accommo-
dation, convergence, binocular disparity, and motion paral-
lax, which are classified into laser reproduction holograms
and white-light reproduction holograms.

The stereo 1mage display methods with special glasses
enable many people to enjoy stereo 1mages but require them
to wear polarized glasses or liquid crystal shutter glasses. In
other words, observers need to wear special glasses and thus
teel uncomiortable and unnatural.

Meanwhile, the stereo image display methods without
glasses have a fixed observing range for a small number of
people, but are preferred because they enable observation
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2

without special glasses. In other words, observers directly
view a screen, and thus the above-mentioned drawback 1s
climinated. For this reason, active research 1s under way on
the stereo 1mage display methods without glasses.

Perfect 3D images can be displayed using, for example, the
holographic display methods, which directly display images
based on 3D coordinates 1n a space using a laser, lens, mirror,
and so on. The holographic display methods give the feeling
of an actually existing object. However, due to technological
difficulties and a large space occupied by equipment, the
holographic display methods are difficult to use.

Consequently, there 1s a growing tendency to employ ste-
reoscopic display methods that provide the amount of paral-
lax of each object through a stereo 1image and thereby cause an
observer to feel the depth of the object. In stereoscopic dis-
playing, viewing zone-forming optical system for stereo
vision 1s used. Typical viewing zone-forming optical system
utilizes a parallax barrier method that forms a viewing zone of
cach view 1mage using a barrier, and a lenticular lens sheet
method that forms a viewing zone of each view 1mage using
the light-collecting effect of a cylindrical lens. The two meth-
ods are primarily aimed at the function of forming a viewing
zone of the corresponding view 1mage. In the two methods,
respective view 1mages have the same center, and the two
methods can be selectively used according to characteristics
ol systems.

In the parallax barrier method, vertical or horizontal aper-
tures or slits are put in front of an 1mage corresponding to both
the left and right eyes, and the synthesized stereo 1mage 1s
separately viewed through the apertures or slits, thereby giv-
ing a stereoscopic feeling.

A 3D image display apparatus employing the parallax bar-
rier method will be briefly described below.

FIG. 1 illustrates implementation of a 3D 1image performed
by an existing parallax-barrier 3D display apparatus.

Referring to FIG. 1, 1n the existing parallax barrier method,
a parallax barrier panel 20 formed by repeatedly arranging an
aperture through which light emitted from a display panel 30
1s transmitted and a barrier that blocks the light 1s repeatedly
disposed 1n front of the display panel 30.

An observer 10 sees an 1mage displayed or printed on the
display panel 30 through the apertures of the parallax barrier
panel 20. At this time, a left eye L and a right eye R of the
observer 10 see difierent regions of the display panel 30 even
through the same aperture. In the parallax barrier method
using such a principle, left and right eyes see 1mages corre-
sponding to pixels of different regions, such that stereoscopy
can be experienced. Specifically, in FIG. 1, the left eye L sees
a left eye-corresponding pixel Lp 1n the display panel 30, and
the right eye R sees a right eye-corresponding pixel Rp 1n the
display panel 30.

Also, the lenticular lens method biases view 1mage infor-
mation by the refractive power of lenslets using a lenticular
lens sheet instead of a parallax barrier, and thereby can form
the same viewing zone for each view 1mage as in an environ-
ment 1n which a parallax barrier 1s used. In other words, on the
basis of the same mechanism, both the methods divide view
information to provide a stereoscopic etlect.

However, by causing both eyes to separately see an image,
a 3D display apparatus based on the existing parallax barrier
method or lenticular lens method gives a stereoscopic feeling,
to a predetermined position only. Outside the predetermined
position, left and right images are iverted or the 1image 1s
mappropriately separated in the left and right directions, and

thus a distorted 3D 1mage 1s observed.

SUMMARY OF THE INVENTION

The present invention 1s directed to a three dimensional
(3D) display system that synthesizes a 3D 1image and position
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information data of an observer obtained through a camera
with an optimal viewing area image with respect to horizontal
and vertical directions of a display panel 1n a 3D space, and
displays the synthesized image on the display panel to let the
observer visually know an optimal viewing area, thereby
enabling the at least one observer to visually check the opti-
mal viewing area with ease and inducing the observer to move
to a position 1n the optimal viewing area. Such a 3D display
system can be implemented for a single observer or multiple
observers.

According to an aspect of the present invention, there 1s
provided a 3D display system including: a glassesless-type
3D image display 1n which a parallax barrier including aper-
tures 1s disposed 1n front of a display panel; a camera config-
ured to obtain background image information on an actual
observing area including at least one observer present in front
of the 3D 1mage display; a 3D image obtainer configured to
receive the obtained background image information from the
camera and obtain a 3D 1mage and position information data
ol the observer using stereo matching; and a controller con-
figured to calculate an extended intensity distribution of light
emitted from respective light sources of the glassesless-type
3D 1mage display and reaching respective views 1n an observ-
ing area extended 1n an X direction of a horizontal axis and 1n
a z direction of a vertical axis with respect to an observing
plane, obtain intensity distribution data in horizontal and
vertical observing ranges from the predetermined observing,
plane, also obtain an optimal viewing area image having
quantities of light according to respective views 1n horizontal
and vertical directions of the display panel using the intensity
distribution data, synthesize the 3D 1mage and position infor-
mation data of the observer obtained from the 3D image
obtainer with the optimal viewing area image, and display the
synthesized image on the display panel such that the observer
can visually know an optimal viewing area.

Here, the extended intensity distribution may be calculated
using Equation 1 below.

Extended intensity distribution= [Equation 1}

add™ OV e

Z Z Z { XPeys TPy}

add™ n OV,

Here,

n(y)

denotes a repetition row accumulated beginning with 1 and
ending with the number of all views, OV and OV _denote
the minimum and maximum of an observing range in the x
direction of the horizontal axis, P(x) denotes a position of a
point light source of an infinitesimal area constituting a unit
pixel and 1s represented as a coordinate 1n the x direction of
the horizontal axis, X, denotes a position (viewing zone
coordinates) of P(x) reaching the observing plane, I,
denotes brightness of light reaching the viewing zone coor-
dinates on the observing plane, rays emitted from P(x) corre-
spond to the viewing zone coordinates X, for forming a
viewing zone and the brightness 1, ., of X, at a distance
(V+d) from the display panel to the observing plane, and add+
and add- denote extended areas 1n z+ and z— directions of the

vertical axis with respect to the observing plane (V+d).
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4

Preferably, the viewing zone coordinates X, ., and the
brightness I, of X, may be calculated using Equation 2
below.

V+d(A-P Equation 2
g = LEDAZLD [Equation 2]
Xps
ool 21

Ipay = L

(V +d)* + Xp

Here, V denotes a viewing distance between the parallax
barrier and the observing plane, d denotes a distance between
the parallax barrier and the display panel, A denotes an aper-
ture width of the parallax barrier, and L. denotes an 1initial
brightness value of the point light source.

According to another aspect of the present invention, there
1s provided a 3D display system including: a glassesless-type
3D mmage display in which a lenticular lens sheet formed by
arranging lenticular lenses 1n the form of an array 1s disposed
in front of a display panel; a camera configured to obtain
background image information on an actual observing area
including at least one observer present in front of the 3D
image display; a 3D 1mage obtainer configured to receive the
obtained background image information from the camera and
obtain a 3D 1mage and position immformation data of the
observer using stereo matching; and a controller configured
to calculate an extended intensity distribution of light emitted
from respective light sources of the glassesless-type 3D
image display and reaching respective views 1n an observing
area extended 1n an x direction of a horizontal axis and in a z
direction of a vertical axis with respect to an observing plane,
obtain intensity distribution data in horizontal and vertical
observing ranges irom the observing plane, also obtain an
optimal viewing area image having quantities of light accord-
ing to respective views 1n horizontal and vertical directions of
the display panel using the intensity distribution data, synthe-
size the 3D i1mage and position mformation data of the
observer obtained from the 3D 1mage obtainer with the opti-
mal viewing area image, and display the synthesized image
on the display panel such that the observer can visually know
an optimal viewing area.

Here, the extended intensity distribution may be calculated
using Equation 3 below.

Extended intensity distribution= [Equation 3]

add™ OV e

>1 >1 ;: 1XP)s TPy )

add— n OV

min

Here,

() )

denotes a repetition row accumulated beginning with 1 and
ending with the number ofall views, OV __ and OV denote
the minimum and maximum of an observing range 1n the x
direction of the horizontal axis, P(x) denotes a position of a
point light source of an infinitesimal area constituting a unit
pixel and 1s represented as a coordinate 1n the x direction of
the horizontal axis, X, denotes a position (viewing zone

coordinates) of P(X) reaching the observing plane, I,
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denotes brightness of light reaching the viewing zone coor-
dinates on the observing plane, rays emitted from P(x) corre-
spond to the viewing zone coordinates X, for forming a
viewing zone and the brightness 1., of X, at a distance
(V+d) from the display panel to the observing plane, and add+
and add- denote extended areas 1n z+ and z— directions of the
vertical axis with respect to the observing plane (V+d).

Preferably, the viewing zone coordinates X, ., and the
brightness 1., of X, may be calculated using Equation 4
below.

V+dA-P Eauation 4
Xpy = )(d D) ey [Equation 4]
(P(x))- cos? [tan_l [ ;{TI; ]]

Ipy = L

(V +d)F + X

Here, V denotes a viewing distance between the lenticular
lens sheet and the observing plane, d denotes a distance
between the lenticular lens sheet and the display panel, A
denotes a width of each semicylindrical lenticular lens of the
lenticular lens sheet, and L denotes an 1nitial brightness value
of the point light source.

Preferably, when the 3D position information data of the
observer obtained from the 3D 1mage obtainer does not cor-
respond to the optimal viewing area, the controller may con-
trol the display panel to display optimal view position guide
information such that the observer can move to a position 1n
the optimal viewing area.

Preferably, when it 1s determined using the 3D position
information data of the observer obtained from the 3D 1image
obtainer that the observer has left a central area of the display
panel, the controller may rotate the glassesless-type 3D image
display or the camera using a rotation means such that the
observer can reenter the central area of the display panel.
Preferably, there observer may be a plurality of observers.

According to still another aspect of the present mnvention,
there 1s provided a 3D display system including: a glasses-
less-type 3D 1mage display 1n which a parallax barrier includ-
ing apertures 1s disposed 1n front of a display panel; an
observer position tracking system configured to determine a
position of at least one observer present in front of the 3D
image display and deliver position information data of the
observer to a controller; and the controller configured to
calculate an extended intensity distribution of light emitted
from respective light sources of the glassesless-type 3D
image display and reaching respective views 1n an observing
area extended 1n an x direction of a horizontal axis and in a z
direction of a vertical axis with respect to an observing plane,
obtain 1ntensity distribution data in horizontal and vertical
observing ranges from the predetermined observing plane,
also obtain an optimal viewing area image having quantities
of light according to respective views 1n horizontal and ver-
tical directions of the display panel using the imtensity distri-
bution data, synthesize the position information data of the
observer recetved from the observer position tracking system
with the optimal viewing area image, and display the synthe-
s1ized 1mage on the display panel such that the observer can
visually know an optimal viewing area.

Preferably, the extended intensity distribution may be cal-
culated using Equation 5 below.
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Extended 1ntensity distribution = [Equation3 ]

add™ OV o

;: ;: S: {Xpeys Ipo)

add™ n OV,,:

FRIN

Here,

() )

denotes a repetition row accumulated beginning with 1 and
ending with the number of all views, OV . and OV _ __denote
the minimum and maximum of an observing range 1n the x
direction of the horizontal axis, P(x) denotes a position of a
point light source of an infinitesimal area constituting a unit
pixel and 1s represented as a coordinate 1n the x direction of
the horizontal axis, X, denotes a position (viewing zone
coordinates) of P(X) reaching the observing plane, I,
denotes brightness of light reaching the viewing zone coor-
dinates on the observing plane, rays emitted from P(x) corre-
spond to the viewing zone coordinates X, for forming a
viewing zone and the brightness 1, of X, at a distance
(V+d) fromthe display panel to the observing plane, and add+
and add- denote extended areas 1in z+ and z- directions of the
vertical axis with respect to the observing plane (V+d).
Preferably, the viewing zone coordinates X, ., and the

brightness I, of X, may be calculated using Equation 6
below.

V+d(A-P Equation 6
Xy = U )(d ) gy [Equation 6]
XP(x
(P(x))- c:-.::sz[tan_l [ VT ; ]]

Iooy = L
Fe) (V +d)? + X

Here, V denotes a viewing distance between the parallax
barrier and the observing plane, d denotes a distance between
the parallax barrier and the display panel, A denotes an aper-
ture width of the parallax barrier, and L. denotes an initial
brightness value of the point light source.

According to yet another aspect of the present invention,
there 1s provided a 3D display system including: a glasses-
less-type 3D 1image display 1n which a lenticular lens sheet
formed by arranging lenticular lenses in the form of an array
1s disposed 1n front of a display panel; an observer position
tracking system configured to determine a position of at least
one observer present 1n front of the 3D 1mage display and
deliver position information data of the observer to a control-
ler; and the controller configured to calculate an extended
intensity distribution of light emitted from respective light
sources of the glassesless-type 3D 1mage display and reach-
Ing respective views 1n an observing area extended 1n an X
direction of a horizontal axis and 1n a z direction of a vertical
ax1is with respect to an observing plane, obtain intensity dis-
tribution data in horizontal and vertical observing ranges
from the observing plane, also obtain an optimal viewing area
image having quantities of light according to respective views
in horizontal and vertical directions of the display panel using
the intensity distribution data, synthesize the position infor-
mation data of the observer received from the observer posi-
tion tracking system with the optimal viewing area image,
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and display the synthesized image on the display panel such
that the observer can visually know an optimal viewing area.

Preferably, the extended intensity distribution may be cal-
culated using Equation 7 below.

Extended intensity distribution= [Equation 7]

Gdd-l_ vaax

Z Z Z { XPeys TPy}

add n OVyin

Here,

n(y)

denotes a repetition row accumulated beginning with 1 and
ending with the number of all views, OV __. and OV _denote
the minimum and maximum of an observing range in the x
direction of the horizontal axis, P(x) denotes a position of a
point light source of an infinitesimal area constituting a unit
pixel and 1s represented as a coordinate 1n the x direction of
the horizontal axis, X, denotes a position (viewing zone
coordinates) of P(x) reaching the observing plane, I,
denotes brightness of light reaching the viewing zone coor-
dinates on the observing plane, rays emitted from P(x) corre-
spond to the viewing zone coordinates X, for forming a
viewing zone and the brightness 1, of X, at a distance
(V+d) from the display panel to the observing plane, and add+
and add- denote extended areas 1n z+ and z— directions of the
vertical axis with respect to the observing plane (V+d).
Preterably, the viewing zone coordinates X, ., and the
brightness I, of X, may be calculated using Equation 8

below.

(V + d)(A — P(X)) |Equation 8]

Xp@x) = r

P(x)

(P() - cos?[an! [ 22 ]]
(V +d)* + X

Ipey = L

Here, V denotes a viewing distance between the lenticular
lens sheet and the observing plane, d denotes a distance
between the lenticular lens sheet and the display panel, A
denotes a width of each semicylindrical lenticular lens of the
lenticular lens sheet, and L denotes an 1mitial brightness value
of the point light source.

Preferably, when the position information data of the
observer obtained from the observer position tracking system
does not correspond to the optimal viewing area, the control-
ler may control the display panel to display optimal view
position guide information such that the observer can move to
a position 1n the optimal viewing area.

Preferably, when it 1s determined using the position infor-
mation data of the observer obtained from the observer posi-
tion tracking system that the observer has lett a central area of
the display panel, the controller may rotate the glassesless-
type 3D 1mmage display using a rotation means such that the
observer can reenter the central area of the display panel.

Preferably, the observer may be plural 1n number.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will become more apparent to those of
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ordinary skill in the art by describing 1n detail exemplary
embodiments thereol with reference to the accompanying
drawings, 1n which:

FIG. 1 illustrates implementation of a three-dimensional
(3D) 1mage performed by an existing parallax-barrier 3D
image display apparatus;

FIG. 2 schematically illustrates a 3D display system
according to an exemplary embodiment of the present mnven-
tion;

FIGS. 3A and 3B illustrate a principle of implementing a
3D mmage using a 3D display system according to an exem-
plary embodiment of the present invention;

FIG. 4 illustrates a position calculation method for calcu-
lating energy distribution at respective views 1n a 3D display
system according to an exemplary embodiment of the present
imnvention;

FIG. 5 1s a graph illustrating the quantity of light and
crosstalk between respective views using a 3D display system
according to an exemplary embodiment of the present mven-
tion;

FIG. 6 1llustrates an extended intensity distribution reach-
Ing respective views 1n an observing area extended 1n an X
direction of a horizontal axis and in a z direction of a vertical
ax1s with respect to an observing plane 1n the form of a graph
using a 3D display system according to an exemplary
embodiment of the present invention;

FIG. 7 1s a conceptual diagram of a process 1n which a 3D
display system according to an exemplary embodiment of the
present mvention calculates an extended intensity distribu-
tion reaching respective views 1n an observing area extended
in an X direction of a horizontal axis and 1n a z direction of a
vertical axis with respect to an observing plane in addition to
the quantity of light and crosstalk between the respective
views, and displays an optimal viewing area image;

FIG. 8 A shows a situation 1n which a 3D display system
according to an exemplary embodiment of the present mven-
tion synthesizes a 3D 1mage and position information data of
an observer with an obtained optimal viewing area image and
displays the synthesized image on a display panel, and FIG.
8B shows an optimal viewing area image obtained and dis-
played on a display panel by a 3D display system according to
another exemplary embodiment of the present invention;

FIGS. 9A to 9C show examples in which a 3D display
system according to an exemplary embodiment of the present
invention divides an obtained viewing area into color areas 1n
a 7 direction of a vertical axis and displays the corresponding
areas to observers; and

FIG. 10 shows an example in which a 3D display system
according to an exemplary embodiment of the present mven-
tion divides an obtained viewing area into color areas in an x
direction of a horizontal axis and displays the corresponding
area to an observer.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Exemplary embodiments of the present invention will be
described in detail below with reference to the accompanying
drawings. While the present invention 1s shown and described
in connection with exemplary embodiments thereot, it will be
apparent to those skilled 1n the art that various modifications
can be made without departing from the spirit and scope of the
invention.

FIG. 2 schematically 1llustrates a three-dimensional (3D)
display system according to an exemplary embodiment of the
present invention, and FIGS. 3A and 3B illustrate a principle
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of implementing a 3D 1mage using a 3D display system
according to an exemplary embodiment of the present mnven-
tion.

Referring to FIG. 2, a 3D display system according to an
exemplary embodiment of the present mvention generally
includes a glassesless-type 3D 1mage display 100, a camera
200, a3D image obtainer 300, a controller 400, and so on. The
glassesless-type 3D 1mage display 100 1s a glassesless-type
stereo 1mage display employing a common parallax barrier
method. In the glassesless-type 3D 1mage display 100, a
parallax barrier 120 has slit-shaped apertures arranged 1n a
vertical or horizontal direction with respect to one surface of
a display panel 110, on which image information for left and
right eyes 1s displayed, and blocks an 1image to be incident to
the left eye for the nght eye and an 1image to be incident to the
right eye for the left eye, such that a user can ultimately see a
3D 1mage using binocular disparity. The glassesless-type 3D
image display 1s also referred as an autostereoscopic display.

Specifically, the parallax barrier 120 formed by repeatedly
arranging an aperture through which light emitted from the
display panel 110 1s transmitted and a barrier that blocks the
light 1s disposed in front of the display panel 110. Thus, an
observer 10 can enjoy a 3D 1image from the 3D 1mage display
100 through the parallax barrier 120 without glasses. In the
case of a lenticular lens method, light emitted from the dis-
play panel 110 passes through the center of lenslets succes-
stvely arranged at the same interval in a lenticular lens sheet
and forms a viewing zone for each view on an observing
plane. Here, the center of the viewing zone may be designed
and applied to have the same characteristics as the case where
the parallax barrier 120 1s used.

The display panel 110 1s a module having an image display
means, such as a liqud crystal display (LCD), a light-emait-
ting diode (LED) display, an organic light-emitting diode
(OLED) display, or a plasma display panel (PDP), capable of
displaying an mput image signal, and displays two-dimen-
sional (2D) image of the input 1mage signal.

Also, 1n the display panel 110, a left-eye pixel for display-
ing left-eye image mformation and a right-eye pixel for dis-
playing right-eye image information may be alternately
formed.

In the parallax barrier 120, for example, vertical barriers
are prepared at predetermined intervals to block light emitted
from the right-eye pixel and the left-eye pixel, and apertures
between the barriers pass the light emitted from the right-eye
pixel and the left-eye pixel, such that the observer 10 can see
a virtual 3D 1mage.

More specifically, 1n a method of implementing a 3D 1image
using the parallax barrier 120, rays of light directed to the left
eye of the observer 10 among rays of light emitted from a
backlight unit (not shown) of the display panel 110 pass
through left-eye pixels of the display panel 110 and apertures
of the parallax barrier 120 and then reach the left eye of the
observer 10. However, among the rays of light emitted from
the backlight unit of the display panel 110, rays of light
directed to the right eye of the observer 10 are blocked by a
barrier and cannot be delivered to the observer 10 even 1f they
pass through left-eye pixels of the display panel 110. Like-
wise, among the rays of light emitted from the backlight unit
of the display panel 110, some rays of light pass through
right-eye pixels of the display panel 110 and apertures of the
parallax barrier 120 and then reach the rnight eye of the
observer 10, and the rays of light directed to the left eye of the
observer 10 are blocked by a barrier even i1 they pass through
the right-eye pixels of the display panel 110.

Thus, the rays of light passing through the left-eye pixels
are only delivered to the left eye of the observer 10, and the
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rays of light passing through the right-eye pixels are only
delivered to the right eye of the observer 10, such that the
observer 10 can recognize the light. Between the light reach-
ing the leit eye and the light reaching the right eye, there 1s
suificient parallax to be sensed by a human, that 1s, the
observer 10, such that the observer 10 can enjoy 3D images.

Meanwhile, to implement a 3D 1image, a common lenticu-
lar lens sheet (not shown) may be used instead of the parallax
barrier 120 employed in an exemplary embodiment of the
present invention.

Specifically, as an optical member for forming a plurality
of point light sources into at least one line light source, the
lenticular lens sheet 1s disposed apart from the display panel
110 by a predetermined distance, like the parallax barrier 120.
For example, one surface (or incidence surface) of the len-
ticular lens sheet may be disposed apart from the plurality of
point light sources formed on the display panel 120 by the
predetermined distance, and a plurality of semicylindrical (or
cylindrical) lenticular lenses may be formed and arranged 1n
the form of an array on the other surface (or emission surface)
of the lenticular lens sheet. Alternatively, lenticular lenses
may be formed on the one side (or incidence surface).

By the respective semicylindrical lenses of the lenticular
lens sheet, a line light source parallel to a length direction
(1.e., a semicylindrical direction) of the respective semicylin-
drical lenses may be formed at a position (i.e., a position at
which collected light 1s focused) spaced apart from the len-
ticular lens sheet by the predetermined distance.

In FIG. 2, the camera 200 may be embedded 1n the glass-
esless-type 3D 1mage display 100, and serves to obtain back-
ground 1image information on an actual observing area includ-
ing the observer 10 present 1n front of the display panel 110.

The camera 200 may be a stereo camera capable of obtain-
ing 3D coordinate data per pixel of the obtained image. The
camera 200 may define the actual observing area as a 3D
space, such that 3D coordinate data of an object 1n the actual
observing area can be obtained. Meanwhile, 1n another exem-
plary embodiment of the present invention, any device such as
a depth camera, an infrared camera, and a laser scanner may
be used 1nstead of a stereo camera as long as it 1s capable of
obtaining 3D coordinate data of an object.

The 3D 1image obtainer 300 serves to recetve the obtained
background image information from the camera 200 and
obtain the 3D 1mage and position information data of the
observer 10 using stereo matching.

Here, stereo matching 1s an image processing technique of
appropriately matching two images obtained at different
positions and obtaining parallax amount information on an
object included 1n the images. Stereo matching 1s more efiec-
tive than measuring a distance as a function of travel time and
speed of light using an ultrasonic wave and laser as light
sources, and 1s under fewer restraints on actual application
environments. For these reasons, stereo matching 1s widely
used 1n a variety of fields.

In another exemplary embodiment, the camera 200 and the
3D 1mage obtainer 300 may be implemented as an observer
position tracking system, which serves to determine a posi-
tion of at least one observer present 1n front of the 3D 1mage
display 100 and deliver position information data of the
observer to the controller 400. The observer position tracking
system may be 1n any form capable of tracking a 3D position
of an observer using a method of tracking pupils of the
observer, or so on.

From the glassesless-type 3D 1mage display 100, the con-
troller 400 receives display information on a size and resolu-
tion of the display panel 110, a width p of a unit pixel, a width
M of an electrode between respective unit pixels, a distance d
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between the parallax barrier 120 (or the lenticular lens sheet)
and the display panel 110, an aperture width A (or a width of
cach semicylindrical lenticular lens), and a width B of a
barrier, and also view information on a total number of pre-
determined views, the number of point light sources per unit
pixel, a viewing distance V between the parallax barrier 120
(or the lenticular lens sheet) and the observing plane, and a
distance (B.D) between viewing zone centers ol respective
view 1mages formed on the observing plane. The controller
400 serves to calculate an extended intensity distribution of
light emitted from respective point light sources and reaching
respective views 1n an observing area extended 1n an x direc-
tion of a horizontal axis and 1n a z direction of a vertical axis
with respect to the observing plane through apertures (or
respective semicylindrical lenticular lenses), and obtain
intensity distribution data in horizontal and vertical observing
ranges from the predetermined observing plane using the
extended intensity distribution.

Also, the controller 400 serves to obtain an optimal view-
ing area image having quantities of light according to respec-
tive views with respect to horizontal and vertical directions of
the display panel 110 using the obtained intensity distribution
data, synthesize the 3D 1mage and position information data
of the observer 10 obtained from the 3D 1mage obtainer 300
with the optimal viewing area image, and display the synthe-
s1zed image on the display panel 110 such that the observer 10
can visually know an optimal viewing area. Alternatively, the
controller 400 may synthesize position information data of an
observer received from the observer position tracking system
with the optimal viewing area image and display the synthe-
s1zed image on the display panel 110 such that the observer 10
can visually know the optimal viewing area.

When the 3D position mformation on the observer 10
obtained from the 3D image obtainer 300 does not correspond
to the optimal viewing area, the controller 400 may control
the display panel 110 to display optimal view position guide
information such that the observer 10 can move to a position
in the optimal viewing area (see FIG. 9).

Also, when 1t 1s determined using the 3D position informa-
tion data of the observer 10 obtained from the 3D image
obtainer 300 that the observer 10 has leit a central area of the
display panel 110, the controller 400 may rotate a monitor,
that 1s, the glassesless-type 3D 1mage display 100 or the

camera 200, to the left or nght using a rotation means such
that the observer 10 can reenter in the central area of the
display panel 110. Then, the observer 10 may clearly and
accurately see a 3D 1mage displayed on the glassesless-type
3D 1mage display 100.

Since the rotation means for rotating the glassesless-type
3D mmage display 100 or the camera 200 to the leit or right can
be easily implemented by those of ordinary skill in the art
using, for example, a motor and a plurality of gears, a detailed
description thereof will be omitted.

The 3D display system configured as described above
according to an exemplary embodiment of the present mnven-
tion receives information on a size and resolution of a display,
a viewing distance, views, a distance between both eyes, etc.,
and calculates the 1deal number of barriers and apertures (or
the number of semicylindrical lenticular lenses), the quantity
of light, a crosstalk, and an intensity distribution. By compar-
ing the calculated results with actual experiment and obser-
vation results, 1t 1s possible to extract optimal parameters for
reducing crosstalk of 3D display, and simulate the optimal
parameters using 3D displays having various forms and sizes
before commercialization. In this way, the quality of a prod-
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uct can be improved, and a high-quality product capable of
minimizing the mfluence of crosstalk on a user can be devel-
oped.

An operation principle of a 3D display System according to
an exemplary embodiment of the present mnvention will be
described in detail below. A description made below will
center on a 3D display system employing the parallax barrier
120, but the present invention 1s not limited thereto. The same
elfects can also be obtained using the lenticular lens sheet.

A glassesless-type 3D display system that forms a viewing
zone on the basis of a parallax barrier has a structure and
characteristics as described below. A view 1mage provided by
a display 1s a combination of unit pixel images. The number of
view 1mages 1s defined as a resolution obtained by dividing
the overall resolution of the display by the number of views,
and all the view 1mages have the same number of unit pixels.

Restraints on forming a viewing zone of the corresponding
view 1mage are associated with a width of umit pixels shown
on the display, an aperture width of a parallax barrier panel,
which 1s viewing zone-forming optical system, a viewing
distance, and a position of the parallax barrier panel spaced
apart from a display plane. Unit pixels may be represented as
a continuous bundle of rays having a divergence angle of P,
with respect to the horizontal direction and uniform density.

Thus, rays emitted from an outermost position of a unit
pixel width need to pass through an outermost aperture width
of the parallax barrier panel and converge on one point on an
observing plane such that rays emitted from unit pixels can
converge on the center of a viewing zone. The position of the
point 1s a view position of the corresponding view image,
results 1n an optimal viewing distance, and indicates the cen-
ter of the corresponding viewing area.

Meanwhile, 1n terms of geometry, the aperture width of the
parallax barrier panel needs to be smaller than the unit pixel
width, and the position of the parallax barrier panel 1s defined
as a function proportional to the viewing distance, the unit
pixel width, and the aperture width of the parallax barrier
panel. When such a process 1s performed on all view 1mages,
characteristics of viewing zones formed at the optimal view-
ing distance are as follows.

First, viewing zone centers of view 1mages adjacent to each
other on the observing plane are at the same 1ntervals. Second,
an intensity distribution does not vary. Third, respective view-
ing zones are successively formed 1n the horizontal direction.
However, rays of point light sources 1n umt pixels passing
through the aperture width ofthe parallax barrier panel do not
converge on one point but have a predetermined distribution
at the optimal viewing distance. The width of this distribution
1s defined as an intensity distribution, and overlap between
adjacent 1ntensity distributions is referred to as crosstalk.

Such crosstalk denotes a phenomenon in which an adjacent
view 1mage 1s seen together with the corresponding view
image because an observer has left the corresponding view
position, causing a double 1mage and deterioration in stereo-
vision. Thus, even i an optimal observing position 1s
designed, it 1s possible to see the corresponding view 1image
comparatively clearly only 1n a predetermined range of a
direction between the display plane and the observer (the
vertical direction) or the horizontal direction. For this reason,
an area 1n which crosstalk 1s minimized 1s defined as an
optimal viewing area.

The optimal viewing area may be visualized through simu-
lation. In a simulation method, an optimal observing plane 1s
defined on the basis of display factors, and an intensity dis-
tribution 1s shown 1n predetermined ranges of display and
observer directions with respect to the optimal observing
plane. This intensity distribution 1s defined as an extended
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intensity distribution. The extended intensity distribution
intuitively visualizes the optimal viewing area.

Thus, 1t 1s possible to comparatively easily and intuitively
understand an observing position of the minimum crosstalk.
In previously reported research, quantitative and qualitative
analysis has been performed on characteristics of the optimal
viewing area, but was merely utilized as a theoretical guide-
line. In other words, discussions on practical utilization have
been inadequate. Thus, the present invention proposes a sys-
tem that controls a change of major variables and observing,
factors of a glassesless-type 3D display in real time, reflects
the change in the definition of an optimal viewing area formed
in an observing space, and thereby can control an optimal
stereovision environment 1n real time.

In a method of implementing the proposed system, display/
observer factors associated with forming stereovision are
defined, and a 3D i1mage and position information on an
observer are synthesized and displayed with an optimal view-
ing area in which the factors are reflected 1n real time. Since
an optimal viewing area image 1s synthesized and displayed
with an 1mage of an actual observing space obtained through
a camera on a display panel, the observer 1s induced to
actively move to an optimal view position and can see a clear
stereovision 1mage.

FIGS. 3A and 3B illustrate a principle of implementing a
3D 1mage using a 3D display system according to an exem-
plary embodiment of the present invention. FIG. 4 illustrates
a position calculation method for calculating energy distribu-
tion at respective views 1n a 3D display system according to
an exemplary embodiment of the present invention. FIG. 5 1s
a graph illustrating the quantity of light and crosstalk between
respective views using a 3D display system according to an
exemplary embodiment of the present invention. FIG. 6 1llus-
trates an extended intensity distribution reaching respective
views 1n an observing area extended 1n an x direction of a
honizontal axis and in a z direction of a vertical axis with
respect to an observing plane in the form of a graph using a 3D
display system according to an exemplary embodiment of the
present invention.

Referring to FIGS. 3 to 6, restraints on a glassesless-type
3D display employing a parallax barrier will be described
first. In a structure of a glassesless-type 3D display system
that forms a viewing zone on the basis of a parallax barrier,
restraints on forming viewing zones ol view 1mages are asso-
ciated with a width p of umit pixels in a display panel, that is,
a display, an aperture width A of a viewing zone-forming
optical system, that 1s, a parallax barrier panel, a viewing
distance V, and a distance d between a display plane and the
parallax barrier panel.

The parallax barrier 1s disposed within a distance (V+d)
between the display plane and an observing plane, and dis-
posed at the distance d from the display plane. Here, d satis-
fies Equation 1 below, and B.D denotes a distance between
viewing zone centers ol respective view images formed on the
observing plane.

V.
d=—r
B-D

|Equation 1]

Also, the aperture width A of the parallax barrier panel 1s
defined according to Equation 2 below, and a width B of a
barrier satisfies Equation 3 below.
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X V.p |Equation 2]
V+d
_ Vepln - 1) |Equation 3]
 (V+d)
Here, n (=1, 2, 3, . . . ) denotes the maximum number of
ViEWS.
Next, restraints on forming a viewing zone of the corre-

sponding view formed on the observing plane will be
described. Unit pixel images of each view 1mage passing
through apertures of the parallax barrier panel form each
viewing zone at the viewing distance (V+d).

As a bundle of rays of uniform density emitted from posi-
tions of point light sources of infinitesimal areas constituting
unit pixels of the display, only rays passing through apertures
of the parallax barrier panel are mentioned. Here, a point P(x)
ol a point light source of an infinitesimal area constituting a
unit pixel may be represented as a coordinate 1n the x direc-
tion of the horizontal axis. Rays emitted from P(x) correspond
to a viewing zone coordinate (Xp,,) for forming a viewing
zone and a brightness (I,,) of light at the viewing distance
(V+d).

Here, the viewing zone coordinate (X,,) satisties Equa-
tion 4 below.

(V +d)A - Plx))

|Equation 4]
XP(x) = y

- Plx)

A mathematical relation of Equation 4 1s a straight line
equation, which 1s dependent on the distance V from the
parallax barrier panel to the observing plane and the distance
d between the display plane and the parallax barrier panel.

The brightness (I,,) of light at the viewing zone coordi-
nate (Xp.,,) satisties Equation 5 below. In other words, the
brightness (I5.,,) ot light at the viewing zone coordinate
(X poy) 18 proportional to the square of a distance between a
position of the corresponding unit pixel 1image and the view-
ing zone coordinate (Xp.,) on the observing plane and
inversely proportional to the square of the cosine of an angle

Xp

1 (x)

¢ [ ]
V + d

with respect to a normal direction to the display plane.

X pe)
V +d
(V +d) + Xpe

(P(x)) - caszltan‘ll ]] [Equation 5]

Ipy =L

Here, L. denotes an mitial brightness value of the point light
source. The greater the value of the viewing zone coordinate
(X pn)s the less the brightness (1)

Next, restraints on forming an intensity distribution in a
horizontal observing range will be described. An optimal
viewing zone 1s formed at the distance (V+d) from the display

plane to the observing plane. A brightness distribution 1n a
range ol the formed viewing zone may be represented as an
accumulation of brightness values for viewing zone coordi-
nate values, and a brightness distribution, that is, intensity
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distribution, of all view 1mages 1n the horizontal direction on
the observing plane (V+d) 1s defined as Equation 6 below.

OVinax
Intensity distribution= Z Z 1 XPe)s P}

no OV,

|Equation 6]

Here, OV, . and OV denote the maximum and mini-
mum of an observing range in the x direction of the horizontal
axis. The observing range indicates a position of an observer
and a movement range.

n(y)

denotes a repetition row accumulated beginning with 1 and
ending with the number of all views, consequently indicating
an intensity distribution 1n a horizontal observing range.

Such an intensity distribution denotes brightness of light at
n views on an observing area axis, that 1s, the sum of quanti-
ties of light emitted from respective pixels on the display
panel and coming through apertures of the parallax barrier
panel.

Next, restraints on forming of an intensity distribution in a
vertical observing range will be described. An 1ntensity dis-
tribution in a horizontal observing range 1s an 1deal brightness
distribution 1n one dimension of the horizontal axis. Thus, a
range of an observer position for observing a clear stereo
image 1s limited 1n the z direction of the vertical axis. To solve
this problem, the range needs to be extended 1n a display
direction (z+) and the opposite direction (-z) with respect to
the designed optimal observing plane (V+d). Here, extended
areas are indicated by add+ and add-, and an extended inten-
sity distribution to which these areas are applied 1s defined
according to Equation 7 below. Thus, an intensity distribution

extended 1n the z-axis direction may provide a 2D position of
an observer and quantitative viewing zone information on
movement.

Extended intensity distribution= [Equation /]

add™ OV inax

>1 >1 >1 {XPr)» TP}

add n OV,

In this way, the extended intensity distribution denotes
brightness of light at n views 1n the observing area, that 1s, the
sum ol quantities of light emitted from the respective pixels
on the display panel and coming through apertures of the
parallax barrier panel.

It a lenticular lens sheet 1s used instead of a parallax barrier,
assuming that lenslets of the lenticular lenses are thin lenses,
V denotes a viewing distance between a principal plane of the
lenticular lenslets and the observing plane and 1s substitutable
with an 1mage distance S,. Further, d denotes a distance
between the principal plane of the lenticular lenslets and the
display panel and 1s substitutable with an object distance
S_=(1*S,)/(S,-1) (where 1 1s a focal length of the lenslets). A
denotes a width of each semicylindrical lenticular lens of the
lenticular lens sheet and 1s substitutable with a period pitch=
(S,*n*P)/(S_-S,) (where n 1s a total number of views). L

denotes an 1nitial brightness value of the point light source.
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As a result, an intensity distribution and an extended mten-
sity distribution are generated as images, synthesized with an
actual observing area image obtained through a camera, and
displayed on a display panel, such that at least one observer
can actively move to an optimal stereo viewing area and
elfectively view provided stereo content.

Meanwhile, FIG. 4 illustrates a basic concept for calculat-
ing the quantity of light at a designated view. Assuming each
pixel as n point light sources to facilitate calculation, an
overall intensity distribution of light emitted from respective
point light sources and reaching respective views through
apertures of the parallax barrier panel 1s calculated.

FIG. 5 1s a graph showing the results of simulating the
quantity of light and crosstalk between respective views using
a 3D display system according to an exemplary embodiment
ol the present invention, 1n which the quantity of light and the
amount and frequency of crosstalk are shown according to
respective views. Here, respective parameters are as follows.
The total number of views set 1n the experiment was set to 9,
the number of point light sources per pixel was set to 100, the
resolution of a 3D display was set to 1920, the size of the
display was set to 762, the size of a subpixel was set to 0.1
mm, the length of an electrode was set to 0.01 mm, a viewing

distance was set to 80 cm, and a distance between both eyes
was set to 65 mm.

In FIG. §, the experimental results show areas where
crosstalk occurs 1n respective views and the amount of the
crosstalk. An arrow a indicates the brightest portion of an
image corresponding to a second view, and an arrow b 1ndi-
cates the brightest portion of the image corresponding to a
third view. In other words, 1t 1s possible to say that the second
view and the third view having the greatest quantity of light in
the center of the display are shown best.

FIG. 6 1s a graph showing the results of calculating and
simulating an extended intensity distribution reaching
respective views 1n an observing area extended 1n an x direc-
tion of a horizontal axis and 1n a z direction of a vertical axis
with respect to an observing plane using a 3D display system
according to an exemplary embodiment of the present mven-
tion, 1n which it 1s possible to visually know a position where
the corresponding view 1s brightest, an area where crosstalk
occurs, and so on.

Retferring to FIG. 6, from the results of setting display
parameters to make an optimal viewing distance 1.5 m and
performing a simulation, it 1s possible to see that light 1s
collected best at the optimal viewing distance of 1.5 m. This
position 1s an optimal viewing position.

Meanwhile, the horizontal axis denotes an observing area,
that 1s, a distance from the center of a display to the left and
right, in which a position o1 0 1s the center of the display. Also,
the vertical axis denotes an extended viewing area, that 1s, a
distance from the center of the display to an observer.

FIG. 7 1s a conceptual diagram of a process in which a 3D
display system according to an exemplary embodiment of the
present ivention calculates an extended intensity distribu-
tion reaching respective views 1n an observing area extended
in an X direction of a horizontal axis and 1n a z direction of a
vertical axis with respect to an observing plane in addition to
the quantity of light and crosstalk between the respective
views, and displays an optimal viewing area image.

As shown 1n FIG. 7, an optimal viewing arca may be
indicated by a color. When the optimal viewing area 1s 1ndi-
cated by, for example, green, an area in front of the optimal
viewing area may be indicated by red and an area behind the
optimal viewing area may be indicated by blue, such that the
areas can be distinguished.
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FIG. 8 A shows a situation 1n which a 3D display system
according to an exemplary embodiment of the present mnven-
tion synthesizes a 3D 1image and position information data of
an observer with an obtained optimal viewing area image and
displays the synthesized 1image on a display panel, and FIG.
8B shows an optimal viewing area image obtained and dis-
played ona display panel by a 3D display system according to
another exemplary embodiment of the present invention. In
the case of FIG. 8A or 8B, at least one observer may see the
display panel and easily determine whether he/she 1s cur-
rently 1n an optimal viewing area.

Specifically, in FIG. 8A, a first area A displayed on a
display panel 110 1s an optimal viewing area in which a 3D
image 1s shown best, and the 3D 1mage 1s shown gradually
worse from a second area B to a fourth area to D. Thus, 1t 1s
possible to easily know that an observer 10 displayed on the
display panel 110 1s 1n the first area A, the optimal viewing
area 1n which a 3D 1mage 1s shown best.

In FIG. 8B, view-specific optimal viewing areas 1 to 4 at an
optimal viewing distance V' are displayed on a display panel
110. A central area of the view-specific optimal viewing areas
1 to 4, that 1s, the first area A', 1s an optimal viewing area 1n
which a 3D 1mage 1s shown best, and the 3D image 1s shown
gradually worse from a second area B' to a fourth area D' 1n
both directions from the first areca A'.

Thus, 1t 1s possible to easily know that a first observer 10a
displayed on the display panel 110 1s 1n the first area A', 1n
which a 3D 1mage 1s shown best, within the optimal viewing
area 1 of a first view, and a second observer 1054 1s 1n the fourth
area D', in which a 3D 1mage 1s shown worst, within the
optimal viewing area 3 of a third view.

FIGS. 9A to 9C show examples 1 which a 3D display
system according to an exemplary embodiment of the present
invention divides an obtained viewing area into color areas 1n
a 7z direction of a vertical axis and displays the corresponding
areas to observers.

Referring to FI1G. 9B, an observer 1s 1n an optimal viewing,
area, and the 3D display system may display green on a
screen. When the observer leaves the optimal viewing area,
the 3D display system may display red or blue to indicate that
the observer 1s out of the optimal viewing area as shown 1n
FIGS. 9A and 9C.

FIG. 10 shows an example 1n which a 3D display system
according to an exemplary embodiment of the present mnven-
tion divides an obtained viewing area into color areas 1n an x
direction of a horizontal axis and displays the corresponding
area to an observer.

Referring to FIG. 10, if an observer were 1n an optimal
viewing area, the center of the viewing area, green would be
shown on a screen. However, the observer 1s currently to the
side of the optimal viewing area, and thus blue 1s shown.

Consequently, an observer can determine whether or not he
or she 1s 1n an optimal viewing area with reference to the
screens shown 1n FIGS. 8 to 10 by way of example, and easily
move to the optimal viewing area with reference to the
screens displaying colors.

The above-described 3D display system according to
exemplary embodiments of the present invention synthesizes
a 3D image and position mformation data of an observer
obtained through a camera with an optimal viewing area
image with respect to horizontal and vertical directions of a
display panel 1n a 3D space, and displays the synthesized
image on the display panel such that the observer can visually
know an optimal viewing area. Thus, at least one observer can
readily check an optimal viewing area, and 1s induced to move
to a position 1n the optimal viewing area. Also, respective
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parameters of a 3D display may be adjusted to minimize
crosstalk, such that an optimized glassesless-type 3D display
can be designed.

It will be apparent to those skilled 1n the art that various
modifications can be made to the above-described exemplary
embodiments of the present invention without departing from
the spirit or scope of the invention. Thus, 1t 1s intended that the
present invention covers all such modifications provided they
come within the scope of the appended claims and their
equivalents.

What 1s claimed 1s:

1. A three-dimensional (3D) display system, comprising:

a glassesless-type 3D 1mage display 1in which a parallax
barrier including apertures 1s disposed 1n front of a dis-
play panel;

a camera configured to obtain background image informa-
tion on a observing area including at least one observer
present 1n front of the 3D 1mage display;

a 3D i1mage obtainer configured to recerve the obtained
background 1mage information from the camera and to
obtain a 3D 1mage and position information data of the at
least one observer using stereo matching; and

a controller configured to calculate an extended intensity
distribution of light emitted from light sources of the
glassesless-type 3D image display and reaching views 1n
an observing area extended 1n an x-direction of a hori-
zontal axis and 1n a z-direction of a vertical axis with
respect to an observing plane, to obtain mtensity distri-
bution data in horizontal and vertical observing ranges
from the observing plane, to obtain an optimal viewing
arca 1mage having quantities of light according to
respective views 1n horizontal and vertical directions of
the display panel using the intensity distribution data, to
synthesize the 3D 1mage and position information data
of the at least one observer obtained from the 3D 1mage
obtainer with the optimal viewing area image, and to
display the synthesized image on the display panel such
that the at least one observer visually knows an optimal
viewing area,

wherein when the 3D position information data of the at
least one observer obtained from the 3D 1mage obtainer
does not correspond to the optimal viewing area, the
controller controls the display panel to display optimal
view position guide information such that the at least one
observer moves to a position in the optimal viewing are.

2. The 3D display system of claim 1, wherein the extended

intensity distribution 1s calculated using Equation 1 below:

Extended intensity distribution= [Equation 1]

add™ vam:

Z Z Z 1 XPeys TPy

add n OVyin

where

n(y)

denotes a repetition row accumulated beginning with 1 and
ending with the number of all views, OV . and OV _ __denote
a mimmum and maximum of an observing range 1n the x-di-
rection of the horizontal axis, P(X) denotes a position of a

point light source of an infinitesimal area constituting a unit
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pixel and 1s represented as a coordinate 1n the x-direction of
the horizontal axis, X, denotes a position (viewing zone
coordinates) of P(x) reaching the observing plane, I,
denotes brightness of light reaching the viewing zone coor-
dinates on the observing plane, rays emitted from P(x) corre-
spond to the viewing zone coordinates X, for forming a
viewing zone and the brightness 1, of X, at a distance of
(V+d) from the display panel to the observing plane, and add+
and add- denote extended areas 1n z+ and z— directions of the
vertical axis with respect to the observing plane (V+d).

3. The 3D display system of claim 2, wherein the viewing
zone coordinates X, ., and the brightness I, of Xz, are
calculated using Equation 2 below:

V+d(A-P Equation 2
P )(d @) prw [Equation 2]
(P() - cos?[ian! [ 72 ]]

Ipey = L

(V +d)* + Xpsy

where V denotes a viewing distance between the parallax
barrier and the observing plane, d denotes a distance
between the parallax barrier and the display panel, A
denotes an aperture width of the parallax barrier, and L
denotes an iitial brightness value of the point light
source.

4. The 3D display system of claim 1, wherein, when it 1s
determined using the 3D position information data of the at
least one observer obtained from the 3D 1image obtainer that
the at least one observer has left a central area of the display
panel, the controller rotates the glassesless-type 3D 1mage
display or the camera using a rotation means such that the at
least one observer reenters in the central area of the display
panel.

5. The 3D display system of claim 1, wherein the at least
one observer comprises a plurality of observers.

6. A three-dimensional (3D) display system, comprising:

a glassesless-type 3D 1image display in which a lenticular
lens sheet formed by arranging lenticular lenses in the
form of an array 1s disposed 1n front of a display panel;

a camera configured to obtain background 1image informa-
tion on a observing area including at least one observer
present 1n front of the 3D 1mage display;

a 3D i1mage obtainer configured to receive the obtained
background image imnformation from the camera and to
obtain a 3D 1mage and position information data of the at
least one observer using stereo matching; and

a controller configured to calculate an extended intensity
distribution of light emitted from light sources of the
glassesless-type 3D 1image display and reaching views 1n
an observing area extended 1n an x-direction of a hori-
zontal axis and 1n a z-direction of a vertical axis with
respect to an observing plane, to obtain intensity distri-
bution data in horizontal and vertical observing ranges
from the observing plane, to obtain an optimal viewing
areca 1mage having quantities of light according to
respective views 1n horizontal and vertical directions of
the display panel using the intensity distribution data, to
synthesize the 3D 1mage and position information data
of the at least one observer obtained from the 3D 1mage
obtainer with the optimal viewing area image, and to
display the synthesized image on the display panel such
that the at least one observer visually knows an optimal
viewing area,
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wherein when the 3D position information data of the at
least one observer obtained from the 3D 1mage obtainer
does not correspond to the optimal viewing area, the
controller controls the display panel to display optimal
view position guide information such that the at least one
observer moves to a position in the optimal viewing area.
7. The 3D display system of claim 6, wherein the extended
intensity distribution 1s calculated using Equation 3 below:

Extended intensity distribution= [Equation 3]

Gdd+ vaax

y: S: ;: {XP(I)a JlirF"Lﬁ:)}

add— n OV

min

where,

n(y)

denotes a repetition row accumulated beginning with 1 and
ending with the number ofall views, OV __ and OV denote
a mimmum and maximum of an observing range 1n the x-di-
rection of the horizontal axis, P(X) denotes a position of a
point light source of an infinitesimal area constituting a unit
pixel and 1s represented as a coordinate 1n the x-direction of
the horizontal axis, X, denotes a position (viewing zone
coordinates) ot P(x) reaching the observing plane, I,
denotes brightness of light reaching the viewing zone coor-
dinates on the observing plane, rays emitted from P(x) corre-
spond to the viewing zone coordinates X, for forming a
viewing zone and the brightness I, of X, at a distance
(V+d) from the display panel to the observing plane, and add+
and add- denote extended areas 1in z+ and z- directions of the
vertical axis with respect to the observing plane (V+d).

8. The 3D display system of claim 7, wherein the viewing
zone coordinates X, and the brightness I, of X, are

calculated using Equation 4 below:

Xpee) = (V + d)(j — P(x)) Pt |Equation 4]
2 ~1 Xp(x)
) (P(x))-cos [tan [V n d]]

(V +d) + X5

where, V denotes a viewing distance between the lenticular
lens sheet and the observing plane, d denotes a distance
between the lenticular lens sheet and the display panel, A
denotes a width of each semicylindrical lenticular lens
of the lenticular lens sheet, and [. denotes an initial
brightness value of the point light source.

9. The 3D display system of claim 6, wherein, when 1t 1s
determined using the 3D position information data of the at
least one observer obtained from the 3D 1image obtainer that
the at least one observer has left a central area of the display
panel, the controller rotates the glassesless-type 3D 1mage
display or the camera using a rotation means such that the at
least one observer reenters the central area of the display

panel.
10. The 3D display system of claim 6, wherein the at least
one observer comprises a plurality of observers.
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11. A three-dimensional (3D) display system, comprising:

a glassesless-type 3D i1mage display in which a parallax
barrier including apertures 1s disposed 1n front of a dis-
play panel;

an observer position tracking system configured to deter-
mine a position of at least one observer present 1n front
of the 3D image display and to deliver position informa-
tion data of the at least one observer to a controller; and

the controller configured to calculate an extended intensity
distribution of light emitted from respective light
sources of the glassesless-type 3D 1mage display and
reaching respective views 1n an observing area extended
in an x-direction of a horizontal axis and 1n a z-direction
of a vertical axis with respect to an observing plane, to
obtain intensity distribution data in horizontal and ver-
tical observing ranges from the observing plane, to
obtain an optimal viewing area image having quantities
of light according to respective views in horizontal and
vertical directions of the display panel using the inten-
sity distribution data, to synthesize the position informa-
tion data of the at least one observer recerved from the
observer position tracking system with the optimal
viewing areca image, and to display the synthesized
image on the display panel such that the at least one
observer visually knows an optimal viewing area,

wherein when the position information data of the at least
one observer obtained from the observer position track-
ing stem does not correspond to the optimal viewing area
the controller controls the display panel to display opti-
mal view position guide information such that the at
least one observer moves to a position 1n the optimal
viewing area.

12. The 3D display system of claim 11, wherein the

extended intensity distribution 1s calculated using Equation 5
below:

addt OV e |Equation 5]

Extended intensity distribution= Z Z Z 1Xpexys Ipeoy)
add n OVyin

where,

n(y)

denotes a repetition row accumulated beginning with 1 and
ending with the number of all views, OV . and OV ___denote
a mimmum and maximum of an observing range 1n the x-di-
rection ol the horizontal axis, P(x) denotes a position of a
point light source of an infinitesimal area constituting a unit
pixel and 1s represented as a coordinate 1n the x-direction of
the horizontal axis, X, denotes a position (viewing zone
coordinates) of P(x) reaching the observing plane, Ip,
denotes brightness of light reaching the viewing zone coor-
dinates on the observing plane, rays emitted from P(x) corre-
spond to the viewing zone coordinates X, for forming a
viewing zone and the brightness 1., of X, at a distance
(V+d) from the display panel to the observing plane, and add+
and add- denote extended areas 1 z+ and z— directions of the
vertical axis with respect to the observing plane (V+d).

13. The 3D display system of claim 12, wherein the view-
ing zone coordinates X ., and the brightness I, 0t X, are

calculated using Equation 6 below:
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(V + d)A - P(x))
d

|Equation 6]

Xp(x) = — P(x)

Xp(x)
V+d ]]
(V +d) + X5

(P(x)) - cos® [tan_l [

Ipey = L

where, V denotes a viewing distance between the parallax
barrier and the observing plane, d denotes a distance
between the parallax barnier and the display panel, A
denotes an aperture width of the parallax barrier, and L
denotes an 1nitial brightness value of the point light
source.

14. The 3D display system of claim 11, wherein, when 1t 1s
determined using the position information data of the at least
one observer obtained from the observer position tracking
system that the at least one observer has left a central area of
the display panel, the controller rotates the glassesless-type
3D image display using a rotation means such that the at least

one observer reenters the central area of the display panel.
15. The 3D display system of claim 11, wherein the at least
one observer comprises a plurality of observers.
16. A three-dimensional (3D) display system, comprising;:
a glassesless-type 3D 1mage display 1in which a lenticular
lens sheet formed by arranging lenticular lenses in the
form of an array 1s disposed 1n front of a display panel;
an observer position tracking system configured to deter-
mine a position of at least one observer present 1n front

of the 3D 1image display and to deliver position informa-
tion data of the at least one observer to a controller; and

the controller configured to calculate an extended intensity
distribution of light emitted from light sources of the

glassesless-type 3D image display and reaching views 1n
an observing area extended in an x-direction of a hori-
zontal axis and 1n a z-direction of a vertical axis with
respect to an observing plane, to obtain mtensity distri-
bution data 1n horizontal and vertical observing ranges
from the observing plane, to obtain an optimal viewing
arca 1mage having quantities of light according to
respective views 1n horizontal and vertical directions of
the display panel using the intensity distribution data, to
synthesize the position mformation data of the at least
one observer received from the observer position track-
ing system with the optimal viewing area image, and to
display the synthesized image on the display panel such
that the at least one observer visually knows an optimal
viewing area,
wherein when the position information data of the at least
one observer obtained from the observer position track-
ing system does not correspond to the optimal viewing
area, the controller controls the display panel to display
optimal view position guide information such that the at
least one observer moves to a position 1n the optimal
viewing area.
17. The 3D display system of claam 16, wherein the
extended intensity distribution 1s calculated using Equation 7
below:

Extended intensity distribution= [Equation 7]

ﬂdd—i_ Ovmﬂx

>1 >1 5: 1Xpe)» I

add n OV

in

where,

n(y)
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denotes a repetition row accumulated beginning with 1 and
ending with the number ofall views, OV __ andOV _ _denote

FRGEX

a mimmum and maximum of an observing range 1n the x-di-
rection of the horizontal axis, P(X) denotes a position of a
point light source of an infinitesimal area constituting a unit
pixel and 1s represented as a coordinate in the x-direction of
the horizontal axis, X, denotes a position (viewing zone
coordinates) of P(x) reaching the observing plane, I,
denotes brightness of light reaching the viewing zone coor-
dinates on the observing plane, rays emitted from P(x) corre-
spond to the viewing zone coordinates X, for forming a
viewing zone and the brightness 1, of X, at a distance
(V+d) from the display panel to the observing plane, and add+
and add- denote extended areas 1n z+ and z— directions of the
vertical axis with respect to the observing plane (V+d).

18. The 3D display system of claim 17, wherein the view-
ing zone coordinates X 5, and the brightness I, 0t X, are
calculated using Equation 8 below:

(V +d)(A — P(x)) -

|Equation 8]
Xpx) = y

P(x)
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-continued

() -cos?[an! [ 2]
(V +d)Y + X5

Ipay = L

where, V denotes a viewing distance between the lenticular
lens sheet and the observing plane, d denotes a distance
between the lenticular lens sheet and the display panel, A
denotes a width of each semicylindrical lenticular lens
of the lenticular lens sheet, and . denotes an initial
brightness value of the point light source.

19. The 3D display system of claim 16, wherein, when 1t 1s
determined using the position information data of the at least
one observer obtained from the observer position tracking
system that the at least one observer has leit a central area of
the display panel, the controller rotates the glassesless-type
3D image display using a rotation means such that the at least
one observer reenters the central area of the display panel.

20. The 3D display system of claim 16, wherein the at least
one observer comprises a plurality of observers.
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